Expo 2010 Shanghai China was a successful, splendid and unforgettable event, Furthermore, it is inevitable to show some extreme visitor volume in the original visitor flow, and these extreme points may appear in group to a great extent.
Introduction
From May 1st to October 31st, Expo 2010 was successfully held in Shanghai China. Given its theme "Better City, Better Life", Expo 2010 was expected to be a "successful, splendid and unforgettable" event and a platform for every exhibitor to explore sustainable models of urban development and better city life. During the 6 months of exhibition, 246 nations or organizations participated in this event which brought over 73 millions of visitors. Both the exhibition scale and total visitor volume hit the world record. How to manage so many visitors in such a small area and long period is a problem worth consideration.
Besides Expo, various kinds of fairs, expositions, sports meetings and large conferences are held all over the world every year. The successful experiences of Expo 2010 may provide references for the visitor management of such large-scale activities. Unfortunately, we hardly find any work about this worth concern. To summarize the valuable experience of Expo 2010, we investigated the visitor flow pattern through statistic analysis and complex network analysis.
Complex network theory [1] [2] [3] is a new branch in statistical physics to describe complex systems with networks, in which the nodes and edges represent the entities and the relationships between them respectively. It can be used to describe many networks in the real world such as social network, transportation network, protein interaction network, and so on. Recently, several efforts have been made to bridge time series and complex networks [4] [5] [6] . Among all the methods, the so-called visibility graph algorithm [6] proposed by Lacasa et al., attracted much attention for its simplicity and high efficiency, and a set of achievements have been obtained through it [7] [8] [9] [10] . In our research, the Expo visitor flow pattern is studied mainly by network analysis and the network is obtained through the visibility algorithm. This paper is organized as follows: Firstly, data source and overview are given in section 2. In section 3, the general statistical properties of Expo daily visitor volume are studied to find the stability and fluctuation feature of the visitor flow. After that, the time series of visitor volume are converted to complex network by visibility graph algorithm in section 4, and then some topological parameters are calculated to arXiv1106.0599v2 [physics.soc-ph] Jun 2011 3 investigate the correlation between each data point of visitor volume. Finally, some conclusions and discussions are given in section 5.
Data specification
The data used in this paper are collected from the official Website of Expo 2010 Shanghai China (http://www.expo2010.cn). We take the amount of daily visitors as Meanwhile, when H deviates more from 0.5 and tends towards 1, the time series will be more regular and persistent. Conversely, the time series are deemed to be anti-persistent when H clines to 0.
In this section, we use the method of Rescaled Range Analysis [11, 12] 
Statistical properties of visibility graph of Expo visitor volume
According to the algorithm [6] , a visibility graph is obtained from the mapping 9) Nearest neighbors average connectivity [14] : the relation of degree between one node and its nearest neighbors can be measured by the quantity ( )
, where the conditional probability ( )
denotes that a node with degree k is connected to a node with degree k′ .
Therefore, nn K is used to investigate the relation between the degree of a certain node and the average degree of its nearest neighbors. From Fig.4 we can see clearly that nn K and k are positively correlated. respectively and 241,500, 236,400, 261,900, 290,600, 296,400 visitors after the 15th.
Obviously, it is much lower and more uniform before and after the 15th.).
Correspondingly, node 15 has many neighbors in the network who are separated into two parts and connected with each other with small probability. Thus, it can be In conclusion, the visibility graphs converted from time series are scale-free, small-world and hierarchically constructed. Thus the original time series are deemed to be with fractal feature and there are close relationships between the data points, especially those extreme points. Furthermore, the existence of extreme visitor volume is unavoidable and consecutive.
Summary and discussion
Expo 2010 Shanghai China is a wonderful event which has grand scale, long exhibition period and huge visitor amount, remaining us with the best memories and valuable experiences. In our research, the visitor flow is investigated from two different viewpoints:
On one hand, we discuss the general feature of the daily visitor volume from the perspective of statistics and time series analysis. The results of Hurst exponent, mean value and standard deviation verify that the Expo visitor flow shows mixing properties of stability in long-term and fluctuation in short-term period.
On the other hand, the complex network converted from time series with visibility algorithm exhibits scale-free property, small-world effect and hierarchical structure, which confirm that the original time series are fractal within which data points are intensively connected with each other. Furthermore, the relations between degree of one node and its neighbors, degree and clustering coefficient as well as degree and visitor volume prove that the existence of extreme visitor volume is inevitable and appear in group.
The method and conclusion of our work may be helpful to manage and forecast the visitor flow of such large-scale exhibitions and spots meeting or other human repetitious behaviours on collective level, as well as enrich the researches of the correlation between time series and complex networks.
